Broglio and Berry (2009) examined the impact of survival postprogression (SPP) on overall survival (OS) when progression-free survival (PFS) was used to assess treatment effect in metastatic cancer. Their simulation studies found no statistical difference in OS because of dilution effect from SPP, although there was a statistical difference in PFS between treatment arms. Recently, two phase III clinical trials showed efficacy of experimental treatments in OS, but not PFS. These results seem counterintuitive, because it may be reasonable to consider that the effect of treatment in prolonging PFS can influence OS prolongation. We conducted simulations to examine the role of SPP in OS under the assumption that only SPP, and not PFS, differed between treatment arms. We also explored the impact of patient heterogeneity on the OS analysis. Our study offers a reasonable explanation for the two phase III trials and recommends further discussion of PFS as an adequate endpoint and what role SPP might play in OS to evaluate current treatment regimens.
negative (5, 7) . To answer these questions, we conducted statistical simulations following the framework of Broglio and Berry (1) .
We generated hypothetical clinical trials with particular features of PFS and SPP under several clinical scenarios by mimicking the two actual phase III trials mentioned above. We assumed that SPP differed between treatment arms in several ways, as summarized in Supplementary Table 1 (available  online) , while there was no difference in PFS between treatment arms. We first assumed that SPP was on average longer in the experimental arm (arm E) than in the control arm (arm C). Next, we considered a situation in which SPP was longer in arm E than in arm C in one patient subgroup (subgroup 1), while there was no difference in SPP between arms in the complementary subgroup (subgroup 2). We used four median PFS (mPFS) values (3, 6, 9 , and 12 months) to examine the impact of PFS time on the OS analysis. We considered a two-arm comparison (arms E vs C) with an equal number of patients allocated to the arms; three total sample sizes were used, 600, 800, and 1000. The patient accrual rate was set at 30 patients per month. Thus, the patient accrual periods were 20.0, 26.7, and 33.3 months for 600, 800, and 1000 patients, respectively. We assumed an additional nine-month follow-up period after the patient enrollment was finished.
Assuming that the distributions of PFS and SPP were exponential, we generated each patient's PFS and SPP times and then summed them to obtain the OS time of that patient. The period of PFS was calculated from the time point of treatment initiation to the time point when disease progression was occurred, while that of SPP was calculated from the time point of disease progression to the time point of death. Thus, the period of OS was calculated from the time point of treatment initiation to the time point of death. For simplicity, censoring of the patient follow-up occurred only at the end of the nine-month followup period. We simulated 50 000 trials under each scenario. For each simulated trial, we estimated the OS survival curves using the Kaplan-Meier method for arms E and C and then compared them using the hazard ratio (HR) and log-rank test. We also computed the statistical power for the OS analysis as the number of statistical significance (P < .05) divided by the simulation repetition number. All the program codes were written using the R statistics package (version 3.1.0, Windows) (8) . Figure 1 presents typical examples of the OS curves obtained with a sample size of 600. The first row represents the case with all the patients from subgroup 1. A statistically significant difference (P < .05) between the two survival curves was seen in all four panels. As mPFS became shorter, the OS benefit from the experimental treatment was more statistically significant; that is, the difference in SPP between the two arms had a greater influence on the OS curves. As shown in the next three rows in Figure 1 , the OS curves grew closer, as the proportion of patients in subgroup 1, ϕ, became smaller. For a ϕ of 20%, the survival benefit of arm E completely disappeared even when the mPFS was three months; that is, in the case where SPP accounted for more than 67% of OS. Table 1 summarizes the results from the 50 000 simulated trials, grouped by sample size. As was the case in Figure 1 , the subgroup proportion and the relative lengths of PFS and SPP had a substantial impact on the OS analysis. In order to obtain an 80% statistical power for detecting a between-treatment OS difference of three months, it was shown that 600 patients might be sufficient when mPFS is three or six months if all the patients were from subgroup 1. If less than half of the patients were from subgroup 1, more than 1000 patients were needed to show an improvement in OS.
A natural follow-up question is, "Is the assumption that only SPP, and not PFS, differed between treatment arms realistic and could this sort of phenomenon happen in real clinical trials?" One possible answer may involve the influence of subsequent treatments on SPP. For instance, if the health conditions of patients in arm E did not deteriorate much compared brief communication with those in arm C because an experimental treatment was less toxic, patients in arm E could be more likely to receive more intensive subsequent treatment (eg, chemotherapy) with higher compliance than those in arm C. In addition, it is possible that an experimental treatment induced an antitumor immunity that might have a markedly positive effect on SPP. If patients in arm E were left with less compromised health and better immune function, this might lead to longer SPP in arm E and thus longer OS, even if PFS did not differ between arms E and C. In order to explicate these phenomena, it may be important to establish well-validated systems or markers to measure aspects of patients' functional status that can adequately predict their SPP. Furthermore, despite the fact that we performed extensive simulations, our study has several limitations. Our simulations were conducted using a specific statistical model to generate PFS and SPP in a specific context with respect to the lengths of PFS and SPP, samples size, and patient enrollment and follow-up periods. It might be, therefore, difficult to apply the findings obtained in this study to more general situations.
Substantial previous studies evaluated the surrogacy of PFS for OS in metastatic cancers and demonstrated that the relationship Each panel of plots is from a single simulated trial for which the hazard ratio (HR) and P value are estimated. Dotted and solid lines represent the curves of the experimental and control arms, respectively. The four columns (starting from the left) show the OS curves for median progression-free survival (PFS) times of 3, 6, 9, and 12 months, respectively. The first to fourth rows are those obtained with the following proportions of subgroup 1: ϕ = 100%, 80%, 50%, and 20%, respectively. Note that ϕ = 100% corresponds to the case where all patients belong to subgroup 1; this subgroup is defined by having a longer survival postprogression (SPP) in arm E than in arm C (median SPP = 9 and 6 months, respectively).
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between PFS and OS may differ for different types of cancer. For example, PFS was shown to be highly correlated with OS in colorectal, ovarian, and renal cell cancers (9-12), but not in breast or non-small cell lung cancers (13, 14) . In addition, it has been widely discussed that the influence of postprogression therapy may be one of the reasons why improvement of PFS fails to translate into improved OS in some disease and treatment settings (1-4). The two real phase III trials (5,6) further cast doubt on whether PFS is an adequate endpoint to evaluate current treatment regimens for metastatic cancers. In a context where comparing treatment sequences (strategies) rather than treatment arms during a specific treatment queue is an important objective, it may be more desirable to use other time-to-event measurements, for instance time to failure of strategy (TFS) (15) , in place of PFS. Taking the recent vigorous development of targeted agents into account, it may be critical to sufficiently consider the possibility that a particular treatment benefits only a subpopulation of patients when designing clinical trials in terms of the length of follow-up and time point of data analysis. As a possible example that could result in contradictory PFS and OS results (not only within a single trial but also between trials), consider a situation with two patient subgroups where an experimental treatment benefits only the subgroup with a shorter PFS and OS. In a phase III trial, PFS and OS are compared between the experimental and control arms in the entire population of patients at two interim analyses and one final analysis. Our additional simulation study (Supplementary Figure 1 , available online) revealed that both PFS and OS were statistically significantly different between treatment arms at the first analysis. At the second analysis with longer follow-up, the PFS curves came closer because of the influence of late progressions observed in the second patient subgroup and became nonsignificant, yet OS remained statistically significant. At the final analysis, the OS curves also came closer, resulting in nonsignificant differences for OS as well. Furthermore, if one can find a sufficiently sensitive subpopulation, for instance during a phase II clinical trial, it may be possible to power a subsequent phase III trial by defining a more focused study population by enriching for patients with specific characteristics (16) (17) (18) . 
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